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INTRODUCTION

Recent studies indicate that the wear and friction behavior of graphite

fiber-metal matrix composites can be substantiall y better than that of the

unreinforced matrix material [1-4]. The wear rate s of bronze  matrix com-

posites  dec rea se  with inc reasing  Sr1 content , thus r e f l e c t i n g  the contr ibution

of matr ix hardness  to wear  r e s i s t ance .  Fiber or ien ta t ion  also has a signi-

ficant effect on wear; the best wear resistance occurs when the fiber ends are

normal  to the sl iding su r f ace .  Thi s or ienta t ion prevents  the f i be r s  from

being p lucked f rom the sur face  during sliding.

Metal matrix compo sites that contain low-modulus polyacr ilonitrile

(PAN)-bas ed g raphite fibers have a lower wear rate than those containing t.

high-modulus rayon-based or PAN-based graphite fibers. The wear rates

of the various composites are related to the size of the debris particles

generat~ d during sliding, which correlates with the 
grain size of the con-

stitutent graphite fiber.

The wear  and f r i c t ion  behavior of metal matrix composites is also a

func t ion  of sliding speed . The sliding speed that resul ts  in minimum wear

is determined by the rate of oxide formation and sur face  destruct ion caused

b y the sof ten ing  of the matrix .

In the previous studies the conclusions were  derived on the basis of only

one type each of low-modulu s PAN-based , high-modulus PAN-based , and

rayon-based g rap hite  f ibers .  In this  stud y several  di f fe ren t  f ibe r s  were

-~~~~~~~~~~~~ 
_ _ - _-~~~~~~ 
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exa m i ned , w h i c h  in c  luc led a hi g h _ m o d u l u s  pi t c h — b a s e d  f i b e r  and addi t ional

Li  ~h — flIO(1I11515 P A \  — b a s e d  and low— m o d u l u s  PA N  — b a s e d  f i b e r s .

The f i b e r  f r a c t i o n  i s  ex p e c t e d  to have  a si g n i f i c a n t  e f f e c t  on the wea r

and  f r i c t i o n  behav io r  of t h e  compos i t es. U n f o r t u n a t e l y ,  the li qu id  i nf i l t r a t i o n

t t ~~h n i q u e  u sed  in the  p r o c e s s in i ~ of t he s e  compos i t es is not  amenable  to

c o n t r o l l e d  v a r i a t i o n  of f i b e r  c o n t e n t  over  a wide r a n ge . A c h a r a c t e r is tic

f i b e r  f r a c t i o n  does o c c u r  fo r  a spec i f i c f i b e r  and m a t r i x  combina t ion, and

some a d d i t i o n a l  v a r i a t i o n  is poss ib le  b y p r o c e s s  m o d i f i c a t i o n s .  In this s tud y

t h e  e f f e c t  of intentionall y produced and natur ally occurring fiber fraction

v a r i a t i o n  on wea r and f r i c t i o n  behav ior  was  examined .

The m a t r i x  e f f e c t s  r es u l t i n g  f r o m  v a r ying  Sn c o n t e n t  in b r o n ze  i n d i c a t e

t h a t  m e c h a n i c a l  and c h e m i c al  p r o p e r t i e s  of the mat r ix  shoul d i n f l u e n c e  the

w e a r  b e h a v i o r  of meta l  ma t r ix  com posi tes .  In th i s  s tud y more m a t r i x

com positions inc Iud in ~z Cu and A g a l loys we re  examined than  had been

examined  i n the pas t .

-8-
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RESULTS AND DISCUSSION

The w e a r  behavio r of the me ta l  ma t r ix  composites is summarized  in

Table III . The t h r e e  f i b e r  o r i e n t a t io n s  s tud ied  a re :  f i b e r s  axis normal  to

sliding s u r f a c e  (I ) ,  t i L e r  axis p a r a l l e l  to sliding su r f ace  but  no rmal  to the

s lid i ng d i r e c t i o n  (I I ) ,  aod f i b e r  axis paral lel  to both sliding su r f ace  and

d i r e c t i o n  (III) . The wea r  rates are expressed in both the weight lossed per

ki lometer  of sliding and the equiva len t  d is tance  abraded away in the s l ider  -ç

specimen with a un i fo rm w e a r  ra te  fo r  the sliding s u r f a c e  assumed , This j
assumpt ion  does not a l w a y s  hold;  t h e r ef o r e , weigh t - l o s s  measur ements

w e r e  used  in the g raphica l  p r e s e n t a tion of the data . The coef f i c ien t  of

f r i c t i o n  values r e por t e d  here  are  the ave rages  obtained for each of the ten

sliding cycles  to which the specimens  w e r e  sub j ect ed .

In the previous  stud y [z] the f r i c t i o n  and wea r  r a t e s  of composi tes  of

a h igh-modulu s f ibe r , I-T M 3000 , and a hig h - s t r e n g t h  f iber , T 300 , in a

C u -  lSn ma t r ix  were  compared.  The f r i c t i o n  and wear  r a t e  was hi gher  for

the  hi g h-modu lus  f i b e r  compos i te .  The e f f e ct  of the type of f i ber  was

e x a m i ne d  more  ex t en s i v e l y in this  wo rk fo r  both b r o n z e  and Ag ma t r ix

compo s i t e s .  T i l t -  w e - a  r ari d f r i c t i o n  behavior  f o r  O r i e n t a t i o n  I f i be r  compos i tes

a r e  shown in F ic .s .  I and 2 , r e s p e c t i v e ly .  The composi t es w i t h  h I c .h - m o d u l u s

f ibe r s  appea r  to h a v e  w e a r  r a t e s  tha t  a r e  n o t i c e a b ly l a r c . e- r t h a n  t hose  wi th

h i c . ! i - s t r e n g t h  f i b e r s .  The va r i a t ion  in w e a r  p r o p e r t i e s  of I l l - d i f f e r e n t

h ic . h- m o d ul u s  f i b e r  composites  is in c on st r a s t  to the r e l a t i v e ly s i m i l a r

behav ior  in the  va r ious  high - s t r e n gth composi tes. The d i f f e r ence  in f r i c t i o n

behavior  also is evident  between the h i g h - st r e n g t h  and h i g h -modulus  f i be r
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CONCLUSIONS

The type of g raphite f iber  in the composite is the most  si gn i f i can t  fac tor

i n the wea r  and f r ic t i o n  behavior of metal  matr ix  composi tes .  The composites

w i t h  l ow-modu lus  P A N - b a s e d  f i be r s  have the lowest  wea r  and f r ic t i o n  r a t e s .

Th e hi gh-modulus  P A N - b a s e d, r a y o n-b a s ed , and pit ch -based  f i b e r  composites

have s ign i f ican t l y high e r  wear  ra te s and f r i c t ion .  Fiber  f r ac t ion  in f luences

w e a r  r a t e, but not  c o e f f i c i e n t  of f r i c t io n  for  the high-modulus  HM 3000 f i b e r / S n -

b ronze  matrix composites.  The f iber  f r ac t ion  e f fec t  is s trong  enoug h to mask

any e f f e c t  of the Sn con ten t  of the ma t r ix  a l loy,  N e i t h e r  the m a t r i x  al loy

s t r eng th  nor the compo site s t reng th per se cor re la tes  with the f r i c t ion  and

wear  proper t ies ;  however , speci f ic  t r ends  are  evident fo r  the s.ra r ious  matr ix

alloys (e . g . ,  Ag,  Cu , and b ron ze)  with a g iven c lass  of f i b e r s  (e .  g .  , low-

modulus PAN , high-modulus PAN , and p i t ch ) .  Signif icant  fiber or ienta t ion

e f f e c t s  found for  the hi gh-modulus  rayon and PAN p r e c u r so r  g raphite f ibe r s

were not evident  fo r  low-modulus or pitch p r e c u r s o r  f i b e r s  in A g alloys.
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